In the presence of a catalytic amount of LiNTf 2 as a new promoter, a variety of N-substituted aziridines undergo ring opening by amines to afford the corresponding 1,2-diamino compounds, in high yield and with good regio-and stereoselectivity.
7
silyl nucleophiles, 8 and amines. 9 Frequently the nucleophilic opening of activated and unactivated aziridines requires harsh reaction conditions or assistance by a Lewis acid. However, many Lewis acids are deactivated or decomposed by nitrogen containing reactants, and even when the desired reaction proceeds, more than a stoichiometric amount of Lewis acids is required.
1b Recently, lithium bistrifluoromethanesulfonimidate (LiNTf 2 ) has emerged as a powerful Lewis acid and a safe substitute for lithium perchlorate. 10 We would like to report here that LiNTf 2 , a commercially available 11 inexpensive and nonhazardous lithium salt, can be used efficiently for the regioselective ring opening of N-substituted aziridines.
Treatment of cyclohexene N-alkylaziridine 1 with benzylamine (2 equiv) in the presence of LiNTf 2 (0.2 equiv) in refluxing dichloromethane for 48 hours afforded diamine 2 as a single isomer in 83% yield. The stereochemistry of the ring opened product 2 was found to be trans by comparison with the literature data. 9b,12 Similarly, diethylamine (2 equiv) reacted with 1 in the presence of LiNTf 2 (0.2 equiv) in refluxing CH 2 Cl 2 to produce the corresponding diamine 3 in modest yield (45%) (Scheme 1).
Scheme 1
In the presence or in the absence of LiNTf 2 , styrene-N-tosyl aziridine 4 underwent cleavage by primary (Table 1 , entries 1 and 2) as well as secondary amines (Table 1 , entries 3 and 4) with similar yields. In the absence of a promoter, aziridine 4 was attacked at the benzylic as well as the terminal positions resulting in the formation of diamines as an approximate 50:50 mixture of 5 and 6 in yields superior to 70%. However, in the presence of LiNTf 2 , the reaction was faster and the regioselectivity was increased to give predominantly the ring-opened product 5 resulting from internal attack (Table 1) . It is worth noting that the regioselectivity observed here is opposite to that reported by Yamamoto for similar ring opening of 4 catalyzed by Yb(OTf) 3 . 9a,b The ring-opening of cyclohexyl-N-tosyl aziridine 7 with primary amines such as 2-phenylethylamine led to 8 in 87% yield, in the absence or the presence of LiNTf 2 ( Table 2 , entries 1 and 2). In contrast, treatment of 7 with secondary amines such as diethylamine in the absence of any additive did not produce the expected 1,2-diamino compound 9. To produce 9, the addition of LiNTf 2 was crucial and in the presence of 0.2 equiv of LiNTf 2 , the reaction proceeded smoothly at r.t. to afford 9 in 60% yield. An increase in the amount of LiNTf 2 (0.5 equiv vs 0.2 equiv) increased the yield of 9 to 70%. The reaction is general as compound 10 was isolated in 65% yield when cyclohexyl-N-tosyl aziridine 7 was treated with diallylamine in the presence of 0.5 equiv of LiNTf 2 . The results are summarized in Table 2 .
Aziridine N-carbamates, such as 11, are not as reactive as N-tosylaziridine 7 as treatment of 11 with 2-phenylethylamine without any additive did not produce the expected diamino compound 12. However, when LiNTf 2 was added to the reaction medium (0.5 equiv), the diamino compound 12 was obtained in 73% yield at room temperature. (Scheme 2).
Scheme 2
In summary, we have demonstrated a simple, convenient and efficient procedure for the ring opening of N-alkyl, Ntosyl and N-carbamoyl aziridines with primary and secondary amines in the presence of LiNTf 2 . The presence of 0.2 to 0.5 equivalent of LiNTf 2 allows the formation of 1,2-diamino compounds in high yield and good regio-and stereoselectivity. The procedure is simple and attractive for the synthesis of 1,2-diamino compounds. Furthermore, when LiNTf 2 is used instead of Lewis acids, the workup is easier as no emulsion was formed.
Melting points were determined on a Kofler apparatus, and are uncorrected. IR spectra were recorded as neat films (NaCl cell) or KBr pellets (for solids) on a Perkin-Elmer 298 or FT-IR 1600. (1 mmol, 1 equiv) and the desired amine (2 mmol, 2 equiv) in anhyd CH 2 Cl 2 (2.5 mL) was added LiNTf 2 (0.2 to 0.5 equiv). The reaction mixture was stirred under argon at r.t. for 10 to 72 h (for 5, 6, 8, 9, 10) or refluxed for 48 h (for 2, 3, 12) . After complete conversion, as indicated by TLC, the mixture was diluted with CH 2 Cl 2 (5 mL), quenched with a sat. aq solution of NaHCO 3 (5 mL) and extracted with CH 2 Cl 2 (3´10 mL). The combined organic layers were dried (MgSO 4 ), concentrated in vacuo and purified by flash chromatography on silica gel to afford pure 1,2-diamine. Physical and spectral data of the 1,2-diamines thus obtained were in good agreement with reported data.
9b,12 Physical and spectral data for unknown compounds are given below. 2, 142.9, 140.4, 139.6, 139.5, 139.5, 137.1, 136.8 (s, CAr), 129.6, 129.2, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 127.7, 127.4, 127.1, 127.0, 126.7, 126.6, 126.1, 126.0, (d, CHAr) 3, 143.0, 139.4, 136.6, 136.5, 135.2 (s, CAr) , 136.5 (2d, 5b or 6b), 134.2 (2d, 5b or 6b), 129.6, 129.1, 128.4, 128.2, 128.1, 127.9, 127.4, 127.3, 127.0, 126.9 (d, CHAr) , 118.3 (2t, 5b or 6b), 117.6 (2t, 5b or 6b), 60.8 (d, 6b) , 55.1 (d, 5b) , 58.7 (t, 5b), 56.0 (2t, 5b or 6b), 52.2 (2t, 5b or 6b), 43.0 (t, 6b), 21.4, 21.3 (q, 5b, 6b) .
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